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! The Wilcox Aquifer of Bauxite, AR contains bauxite ore deposits that may 
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Wells!at!the!mine!and!a!select!number!of!wells!up!to!five!miles!down?gradient were assessed 




(Gordon!et!al,!1958).!!These!deposits include trace concentrations of titanium, niobium, 
manganese, strontium, barium, yttrium, lanthanum, lead, chromium, vanadium, and gallium in 
addition to aluminum and iron (Gordon & Murata, 1952).  Mined ore was crushed and processed 
to alumina locally.  The Bayer process used to refine the ore into alumina produces extremely 
high-pH wastes called red muds.  These red mud deposits, alongside abandoned, open-pit mines, 
tailing piles, and zones of bauxite ore still remaining in the saturated zone could serve as sources 
of heavy metals, including Al, in the groundwater.  However, the status groundwater quality, 
particularly regarding heavy metals in the Bauxite region is poorly known. 
 The city of Bauxite, AR and its surrounding rural communities have been on public water 
systems since 1968 (Brenton et al, 2002);however, local investigations revealed that many 
residents have private wells used for a variety of purposes.  Furthermore, some communities are 
too remote to provide municipal water service and rely on private wells for drinking water.  
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While the city of Bauxite, AR receives its water from Benton (which uses surface water), 
several municipal providers in the Bauxite area, including the Sardis Water Association, 
still rely on groundwater (Brenton et al, 2002).  Water sourced from these wells could 
potentially expose these populations to higher levels of Al3+ and other trace metals.  Al3+ is 
highly toxic and has been linked to Alzheimer’s disease and dementia in humans (Lemire & 
Appanna, 2011).  Other trace metals present have been linked to liver damage, weakened 
immune systems, and nervous system damage (Fraga, 2005).  Ore from abandoned and 
active mines in Bauxite, AR may contribute heavy metals to groundwater.  To characterize 
the occurrence and movement of metals in groundwater a former bauxite mine and wells 












! The Bauxite, AR area is located on the western boundary of the Gulf Coastal Plain 
province and the eastern boundary of the Interior Highlands.  Surface relief is relatively flat 
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with low, rolling hills of no more than 200 feet and a total relief across the area of 340 feet 
(Gordon et al, 1958).  Rocks of the Interior Highlands are largely consolidated, tightly folded, 
sandstones, shales, novaculite, and chert Pennsylvanian to Ordovician in age (Plebuch and Hines, 
1967).   These rocks dip gently towards the southeast, but have low permeability and water yield, 
averaging 5-10 gpm.   
The rocks of the Gulf Coastal Plain include Tertiary rocks from the Midway Group, the 
Wilcox Group, and Quaternary alluvium also dipping southeast (Figure 2).  The Midway and 
Wilcox Groups are underlain and adjacent to a Cretaceous intrusion of light-gray to blue 
Nepheline syenite that is source for the bauxite deposits in the area (Gordon et al, 1958).  Syenite 
is widespread and seen in outcrop or subcrop at relatively shallow depths throughout Saline 
County (Bramlette, 1936).   
Rocks of the Midway group are Paleocene marine sediments largely composed of dark-
colored clays.  The Kincaid Formation is composed of greenish-to-dark gray clays, interbedded 
with glauconitic limestone and calcareous sandstone (Plebuch and Hines, 1967).  Rocks of the 
Kincaid provide a productive aquifer where sandstone or limestone units are present with well 
yields up to 350 gpm.  The Kincaid is one of the thinner units ranging from 0 to 185 ft.  The 
Will’s Point Formation consists of dark-blue-gray and black clays with occasional siderite layers.  
Unlike the Kincaid, the Will’s Point Formation is not a reliable aquifer with only occasional 
yields of 1-2 gpm (Plebuch and Hines, 1967).  The Midway Group is present only at the 
subsurface and does not outcrop within the study area except where mining has exposed the 
Will’s Point Formation. The Wilcox Group is divided into the Berger, Saline, and Dentoni Sand 
formations.  The Berger Formation is a green to blue-gray silty clay and fine green-gray sand 































































































































































































 after the retreat of the Midway Sea towards the Gulf of Mexico, exposed syenite and Midway 
clays weathered to form the bauxite deposits of the Berger (Bramlette, 1936).  The small particle 
size of the Berger makes it a poor source for water.  While the Berger ranges from 0-347 feet, it 
is only present in the subsurface within the study area (Figure 3), (Plebuch and Hines, 1967). 
The Saline Formation is a dark brown, silty to sandy carbonaceous clay interlaminated 
with white micaceous sand and intermittent layers of lignite and siderite.  The location of the 
clay and sandy layers is highly variable horizontally and vertically within the Saline.  The Saline 
also contains large deposits of gravel and course sand in the lower Paleozoic uplands and red-
brown coarse sand deposits westward from the Arkansas River (Gordon et al, 1958).  Like the 
Berger, exposures adjacent to the nepheline syenite deposits are sources of bauxite.  Unlike the 
Berger, the Saline is a viable source of water, though well yields are unpredictable (Plebuch and 
Hines, 1967).  As seen in Figure 3, the Saline Formation is exposed over more than half the 
study area. 
The Dentoni Sand Formation is a continental, homogeneous tan or gray sand with lenses 
of silty clay throughout and layers of lignite at its base (Gordon et al, 1958).  The Detonti Sand 
Formation one of three major aquifer-bearing units in the study area with nearby yields of 860 
gpm reported (Plebuch and Hines, 1967).   
 National Resource Conservation Service soil surveys for the Bauxite, Arkansas area 
describe 13 soil types (Appendix 1).  Soils are dominantly silty-to-clay loams.  Most soils 
present are acidic to highly acidic in nature.  The Saffell Soil Series accounts for approximately 
10.7% of the study area.  Saffell soils are very deep, well-drained, and moderately permeable 
drained, moderately permeable silt loams.  These useptisols are strongly acidic and form on 












































































































 area.  Savannah Series soils are deep, moderately well-drained, and low permeability ultisols 
forming on uplands and terraces in large marine or fluvial deposits.  A significant portion of the 
study area, 17.4%, is ultisols formed in loamy and gravelly Tertiary marine sediments and have 
15% to 35% clay content.  Ouachita Series soils account for 11.1% of the study area and are also 
deep, well-composed of unspecified backfill.  The Smithdale Soil Series is the most common soil 
in the study area accounting for 25.7% of the study area.  The Smithdale Series soils are very 
deep, well-drained, moderately permeable ultisols found on ridge tops and hills of the South 
Coastal Plains.  They form from thick marine sediments in humid subtropical climates and are 
also very acidic.  Also present in the study area are Tiak Series soils.  While the Tiak Series only 
account for 4.9% of the study area, they form from the remnant kaolin weathered out of the 
Cretaceous syenite deposits.  Tiak Series soils are strongly acidic, highly varied ultisol loams. 
Hydrogeology 
Surface-water resources in the study area are limited.  A gentle topography of low, rolling 
hills prevents the impoundment of large water bodies (Gordon et al, 1958).  However, the Saline 
River lies west of the study area and the Arkansas River to the east.  Hurricane Creek bisects the 
study area and flows south-southeast before joining the Saline River to the south.  A series of 
small creeks are present with the majority draining into the Saline River towards the south.  The 
majority of streams present do not intersect the water table, have little to no storage capacity and 
flow only during wet periods (Plebuch and Hines, 1967). Groundwater resources in the study 
area are largely limited to the Midway and Wilcox aquifers.  Producing members of the Midway 
aquifer are the Kincaid Formation and Will’s Point Formation.  The Kincaid produces an average 
of approximately 40 gpm within the study area and present at the subsurface in approximately 






















































































































































































































1-2 gpm.  BFI 261 has measured the hydraulic conductivity of the Midway clays at 0.199 ft/day. 
The Wilcox aquifer is the primary groundwater source in the region.  Producing units of 
the Wilcox include the Saline and Detonti Sand Formations.  The Saline intermittently yields 
wells in the upper sand units, but does not produce where its dark brown clay member is present 
(Plebuch and Hines, 1967).  No reliable data are present for the Detonti Sand Formation within 
the study area, but the Formation has been known to yield 600 to 860 gpm 12 miles to the south 
(Plebuch and Hines, 1967).  Flow direction within the Wilcox aquifer tends to be towards the 
south or southeast (Pugh, 2010).  Specific capacity and transmissivity values vary for the Wilcox 
aquifer.  Median values recorded by Pugh are 21.1 gpm/ft and 8,170 ft2/day respectively with an 
estimated hydraulic conductivity of 9.7 ft/day.  However, these values are based on data from the 
northern and southern extents of the aquifer; local values are unknown.  The Wilcox aquifer 
within the study area  typically yields soft, sodium- bicarbonate type waters that grow more 
saline moving down gradient (Swaim et al, 2014).  Recharge within the study area is 
precipitation driven with an average annual precipitation of 50 in/yr (Brenton et al, 2002). 
Previous Investigations 
 Due to the presence of large amounts of bauxite ore, the geology of southeast Saline 
County was of great interest in the early 20th century.  However, the depletion of bauxite ore, 
waning of associated mining activity and general lack of groundwater resources compared to 
surface water has led to a dearth of data in recent years.   
The first investigation into the area was by J. C. Branner in 1897 as a response to the 
presence of bauxite in local roads.  Branner provided the initial description of the ore within the 
Central Arkansas Bauxite District.  In 1915 W. J. Mead expanded on Branner’s description of the 
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deposits and proposed the theory of formation based on the weathering of local nepheline syenite 
deposits.  In 1936, working under the Arkansas Geological Survey, Bramelette (1936) provided a 
more in-depth description of the deposits characterizing them into their four types and providing 
a summary of the mining history up to that point.  Utley (1938) identified and discussed the 
organic, lignite, members of Arkansas bauxite,  Goldman and Tracey (1946) identified the origin 
of the kaolin matrix of Arkansas bauxite deposits as the result of bauxite weathering rather than 
advanced syenite weathering.  Gordon and Murata (1952) analyzed the composition of Arkansas 
bauxite for non-aluminum and non-iron metals.  They noted a significant presence of titanium 
and other rare metals.  Gordon and Murata (1952) also compared the relative percentages of the 
four deposit types and the nepheline syenite deposits to determine enrichment of trace metals 
during formation.  Gordon (1958) went on to fully characterize the local geology, deposit types, 
and mining history for the United States Geological Survey.  Plebuch and Hines (1967) did an 
in-depth investigation of both surface and groundwater resources within the area identifying 
three aquifer units, the Kincaid Formation, the Saline Formation, and the Detonti Sand 
Formation.  They created a geologic map of the full extent of Midway and Wilcox groups and 
also mapped the full areal extent of the Kincaid Formation. 
 Modern studies of the region include a general water resource assessment of Saline 
County including both the development of public water supplies in the region and suggestions 
for future water management (Brenton et al, 2002).  Starting in 2004 the ANRC began 
conducting annual water management surveys, the most recent of which by Swaim (2014), that 
assess the Wilcox aquifer, but southeastern Saline County is excluded from this due data 
availability.  Similarly, Pugh (2010) provides a potentiometric surface and fully characterizes the 
Wilcox aquifer, but also excludes the study area due to sparse data availability. 
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Water Quality Chemistry 
 The quality of groundwater is based on the concentrations common ions and of various 
metals and other compounds compared to the concentrations at which the presence of these 
dissolved species impede or detract from use or are present in concentrations deemed hazardous 
to the health of humans, animals, or the environment.  The solubility of these metals, and thus 
their concentrations, is controlled largely by the residence time of the solution, total 
concentration of species retained in the system, the presence of those species’ source material 
and the amount of interaction the solution has with the source material (Hem, 1985).  The rate at 
which a reaction occurs and the energy barriers it must overcome also must be accounted for, but 
due to long residence times and slow movement of water in clay-rich groundwater systems it can 
be assumed that most reactions will reach equilibrium.  Other controls include the precipitation 
and dissolution of solids, the redox potential, the potential for adsorption reactions and cation 
exchange, the formation of metal complexes, and pH (McLean and Bledsoe, 1992). 
 Solubility is represented by the equation ! = !"#$%$#&!!"#$%&'(!"#$%$#&!!!"#$"%$&.    For systems of low ionic 
concentrations, activity is equivalent to the concentration of the ion (Hem, 1985).  For solutions 
of a higher concentration activity is the concentration of the ion times a correction factor called 
the activity coefficient.  The activity coefficient is determined based on the Ionic Strength of the 
solution, ! = !!0.5(!!!!) where m is the concentration of the ion and z is the charge, in the 
Debye-Huckle Equation (Hem, 1985).  The K value for many reactions are known and the higher 
the K value the more likely the equation is to reach completion.  Solubilities for metals common 




Table 1—Solubility of Common Metals in Bauxite, AR 
Reaction log K25 Reaction log 
K25 
Al3+ + SO42- = Al(SO4) 3.2 Pb2+ +2Cl- = PbCl2 1.80 
Al3+ + 2SO42- = Al(SO4)2- 5.1 BaCO3 = Ba2+ + CO32-- -8.56 
Al3+ +F- = AlF2+ 7.0 BaSO4 = Ba2+ + SO42- -9.97 
Al3+ +2F- = AlF2+ 12.6 CaAl2Si2O8+8H+= 
Ca2++2Al3++2H4SiO4 
25.7 
Al3+ +3F- = AlF3 16.7 Fe2O3 +6H+= 2Fe3+ + 3H2O -4.01 
Al3+ + Ox2+ = AlOx+ 6.1 FeOOH + 3H+= Fe3++2H2O -1.0 
Al3+ +2 Ox2+ = AlOx2- 11.1 Fe3+ +Cl- = FeCl2+ 1.48 
Al3+ + 4H2O = Al(OH)4- + 4H+ 23.0 Fe3+ +2Cl- = FeCl2+ 2.13 
Al3+ + 3H2O = Al(OH)3 + 3H+ 15.0 Fe3++ H2O = FeOH2++ H+ -2.19 
Mn(OH)2 +2H+= Mn2+ + H2O 15.2 Fe3++ 2H2O = Fe(OH)2++ 2H+ -5.67 
MnO2 + 4H++2e- = Mn2+ 
+2H2O 
41.38 Fe3++ 3H2O = Fe(OH)3+ 3H+ -12.56 
Mn2+ + 4H2O =MnO42- +8H+ 
+e- 
-127.82 Fe3++ 4H2O = Fe(OH)4-+ 4H+ -21.6 
PbO + 2H+ = Pb2+ +H2O 12.72 ZnO(amorphous) +2H+ =Zn2+ +H2O 11.14 
PbSO4 = Pb2+ +SO42- -7.79 Zn2+ + H2O = ZnOH+ +H+ -8.96 
Pb2+ + H2O = PbOH+ +H+ -7.71 Zn2+ + Cl- = ZnCl+ 0.43 
The formation of soluble metal complexes also affects concentration.  Soluble complexes 
are composed of a binding species, referred to as a ligand, and a central molecule either 
covalently or ionically bonded (Sposito, 2008).  The ligand is usually an anion such as OH-, F-, 
SO42-, or an organic acid like oxalate, but protons also function as ligands for species such as 
bicarbonate or H2PO4-.  A complex may be either inner-sphere or outer-sphere where inner 
sphere complexes have a direct bond between the central molecule and its ligand while in an 
outer-sphere bond the central molecule and ligand are separated by a layer of water molecules 
(Sposito, 2008).  While the aqueous forms of metals are written as Mn, they actually consist of an 
inner-sphere complex of water bonded to the metal cation. 
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Oxidation and reduction reactions play an important role in controlling metal 
concentrations in groundwater. In a redox reaction one ion donates an electron to another in 
order to enact a chemical change, and the reaction is dependent on the presence of various 
electron acceptors.  The primary electron acceptor is dissolved O2 from gaseous exchange with 
the atmosphere (Sposito, 2008).  However, below the water table this interaction is limited as 
oxygen is used up, and other electron acceptors are utilized in a sequence based on reaction 
energies, generally in the order O2 , NO3- , Mn4+ and Fe3+ oxyhydroxides, SO42-, CO2 . 
 Adsorption reactions involve accumulation of ions at the solid-liquid interface.  Common 
surfaces for adsorption in groundwater include clay minerals, organic matter, iron and 
manganese oxides, carbonates, and amorphous aluminosilicates (McLean and Bledsoe, 1992).  
Adsorption occurs due to a surface-charge imbalance resulting from substitutions within the 
tetrahedral and octahedral layers of clay minerals.  The number of negatively charged adsorption 
sites present on a mineral is referred to as its cation exchange capacity (CEC).  As pH decreases 
an influx of H+ ions occupy these sites, decreasing the CEC and preventing the adsorption of free 
metal ions.  Similarly, an increase in pH favors increased adsorption due to the preference of 
hydrolyzed species versus free ions at higher pH (McLean and Bledsoe, 1992).  Furthermore, 
any complexes that reduce the positive charge of a metal ion will have a strong tendency to 
reduce adsorption to the negatively charged sites.  Therefore, soils and groundwater high in 
ligands and organic molecules will encourage metal mobilization. 
Free-ion concentration further impacts adsorption.  At low concentrations, only ion-
specific adsorption sites will be used and these metals will not be desorbed by competing ions.  
As concentration increases, these sites will be filled and non-specific adsorption sites will begin 
to be used.  Metals adsorbed to a specific site are no longer considered available, but non-
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specific sites may exchange their adsorbed ions for similarly sized and charged ions, 
remobilizing adsorbed metals (McLean and Bledsoe, 1992).  The degree of this cation exchange 
is based on the cation’s tendency to form inner sphere or outer sphere complexes.  This 
favoritism is based on the ionic potential of the cation where !" = !/! where Z is the cation 
charge and R is its ionic radius (Sposito, 2002).  This results in an inverse relation between ion 
radius and potential.  Essentially, a larger ionic radius has more “room” for its positive charge 
and does not project a large electric field resulting in less repulsion of surrounding ions and more 
room for temporary polarization required to form stronger bonds.  The preference for cations to 
bond to clays is Cs > Rb > K = NH4 > Na > Li and Ba > Sr > Ca > Mg for monovalent and 
divalent cations respectively (McLean and Bledsoe, 1992).  Metal cations are not as dependent 
on cation size, but rather the configuration of electron orbitals.  Sposito (2002) orders metal 
cation adsorption as Zn2+ > Cu2+ >Ni2+> Co2+> Fe2+ >Mn2+. 
Groundwater within the study area is largely from Wilcox units located approximately 40 
to 200 feet below the surface.  Given that the presence of organic matter decreases with depth 
(McLean and Bledsoe, 1992) few organic complexes are to be expected.  However, Wilcox units 
are rich in clays suggesting a large capacity to remove free metal ions from the groundwater. 
Trace Metal Chemistry 
 Aluminum is the most common metal in the crust and takes a variety of mineral forms, 
including oxides, hydroxides, silicates, and sulfates with the most common mineral form at the 
surface being Gibbsite--Al(OH)3 (Bache, 1986).  Aluminum minerals are largely insoluble at 
standard soil pH, but show increased solubility at more extreme pH values (Figure 4).  In 
addition to its mineral forms, aluminum is also present in the form of soluble complexes with 
sulfate, phosphate, fluoride, and dissolved organic matter.  In particular, fluoride and organic 
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matter are strong mobilizers of aluminum and will form soluble complexes at all pHs, but 
particularly in acidic environments (Bache, 1986). 
In a typical soil, water-soluble aluminum will constitute less than 2% of all soluble 
materials (Frankowski et al, 2013).  However, this percentage will increase with lateral 
groundwater flow in the O horizon as a result of DOC accumulation (Cory et al, 2007).  
Conversely, longer residence times may reduce free aluminum via the formation of stable 
gibbsite (Nordstrom and Kirk, 1986).  The total aluminum concentrations in soil will include less 
than 10% ionically exchangeable Al3+, while organically bound  
aluminum can constitute up to 30% of all free aluminum.  The remaining non-crystalline 
aluminum can range from 8 to 50% of total aluminum present (Frankowski et al, 2013). 
Other more common heavy metals follow similar mobilization patterns to aluminum (Figure 5) 
with pH lower than 4 or higher than 10 resulting in increasing solubility (Armenante, 1997).  At 
higher pH values metals will form soluble complexes with the abundant OH- in the soil.  Overall, 
heavy metals will be mobile and have the highest free concentrations along the acidification front 
in soils (Kjoller et al, 2004).  The acidification front is the gravity-driven, downward flowing, 
low-pH zone of groundwater resulting from meteoric input.  The acidification front leaches trace 
metals from silicates in the soil that are then adsorbed once groundwater passes below the front.  
As the front moves downwards again trace metals are remobilized by the lower pH and 
accumulate over time as this process repeats.  Across the range of typical pH values the majority 
of trace metals are well-filtered out by the accumulated organic matter in the A-horizon with Cu 
and Pb preferably adsorbed over other metals (Miller et al, 1983). 
Barium is a relatively uncommon trace metal in the earth’s crust.  The only significant 














solubility (Table 1).  Furthermore, barium has only a single common aqueous oxidation state 
and, therefore, is not itself redox sensitive.  However, it has been suggested by Hem (1985), that 
barite solubility is controlled by the availability of sulfate in the system and lower amounts of 
dissolved sulfate will allow for greater dissolved barium concentrations.  Claude’s (1974) work 
on microbial barite mobilization supports this with significant aqueous barium existing only 
under sulfate reducing conditions. 
 Barium is strongly correlated to DOC and will respond to methanogenesis similarly to 
redox sensitive trace metals (Arnold et al, 2008).  Arnold et al (2008) also noted that barium 
correlated strongly to HCO3- and TDS. Iron and manganese behave very similarly to one another.  
Both display a strong correlation with pH and their oxides are redox terminal electron acceptors 
(Sposito, 2008).  This makes the redox potential of the water a strong control on the total 
concentrations of the metals present.  In addition, iron has an average abundance in the crust of 
45-g/kg while manganese has an average concentration of 0.95-g/kg leading to a high abundance 
in natural waters (Arnold et al, 2008).  As seen in Table 1, iron oxides are fairly insoluble while 
manganese oxides are relatively more soluble.  Iron oxyhydroxides, therefore, play a strong role 
in the removal of other trace metals from a system by surface adsorption. 
Zinc and lead behave very similarly chemically.  Both metals have a negative correlation 
to pH and are strongly affected by adsorption onto iron-manganese oxyhydroxides (Drever, 
1997).  Adsorption onto clays, organic carbon, and carbonates also plays a strong control on zinc 
and lead concentrations.  However, lead is strongly favored over zinc for adsorption at standard 
groundwater pH (Webster et al, 1998).  Lead is also considered redox sensitive while zinc is not 




! BFI Landfill 261 and the surrounding area was chosen for this study based on the 
following criteria:  As a former bauxite mine, it may be a source of heavy metals due to leftover 
tailings and ore rocks, the outer edges of the landfill are at a topographic high (400 ft amsl) and 
up gradient with respect to groundwater flow to the south and east, and the landfill has pre-
existing wells tested for water quality twice a year.  Potential communities with sampling wells 
within a five-mile radius around BFI261 were identified using the USGS Well-Construction and 
Pump Installation Database and plotted using GoogleEarth.  According to Plebuch and Hines 
(1967) units of the Wilcox Formation dip gently to the southeast.  To properly capture 
groundwater evolution only wells at an elevation lower than 400 feet and between south and east 
of BFI261 were selected for further testing.  Site inspection revealed that many of the wells listed 
in the USGS Well-Construction Database were defunct due to the installation of city water lines.  
Using the previously selected wells as a base, new sampling sites were identified by visual 
inspection in the field and inquiries of local residents.  Sites recommended included family-













































! Samples from BFI were collected with polyethylene bailers and stored at 4ºC for 
transport and analyzed by First Environmental Laboratories, Inc.  FELI prepared all samples via 
EPA method 3010A.  The EPA Analysis methods, maximum detection limits, and units used are 
listed in Table 3 below. 
 BAX samples were prepared and analyzed by ADEQ staff.  Water quality parameters 
tested, maximum detection limits, and EPA analysis methods are reported below in Table 4.  
Samples were analyzed using ICP-MS with a Thermo X-Series 2 for metals, Ion 
Chromatography using a Dianex ICS-1000 for anions, and a Lachat QuickChem 8500 for 

















Aluminum++ 0.10! 6010C! mg/L! Cobalt+ 0.005! 6010C! mg/L!
Alkalinity+ 5! ! 2320B!1997! mg/L! Copper+ 0.005! 6010C! mg/L!
Chloride+ 5! 4500Cl,!E!1997! mg/L! Iron+ 0.050! 6010C! mg/L!
Sulfate+ 15! 375.2R2.0! mg/L! Lead+ 0.005! 6010C! mg/L!
Sulfide+ 0.05! 4500S2C,!D!2000! mg/L! Manganese+ 0.005! 6010C! mg/L!
Antimony+ 0.006! 6010C! mg/L! Nickel+ 0.005! 6010C! mg/L!
Arsenic+ 0.010! 6010C! mg/L! Selenium+ 0.010! 6010C! mg/L!
Barium+ 0.005! 6010C! mg/L! Silver+ 0.005! 6010C! mg/L!
Beryllium+ 0.004! 6010C! mg/L! Thallium+ 0.010! 6010C! mg/L!
Cadmium+ 0.005! 6010C! mg/L! Vanadium+ 0.010! 6010C! mg/L!










Alkalinity+ 6! 310.2! mg/L! Boron+ 2! 200.8! µg/L!
Ammonia+(N)+ 0.03! SM!4500?NH3!H! mg/L! Cadmium+ 0.05! 200.8! µg/L!
Sulfate+ 0.04! 300.0! mg/L! Calcium+ 0.03! 200.8! mg/L!
Fluoride+ 0.05! 300.0! mg/L! Chromium+ 0.05! 200.8! µg/L!
Bromide+ 0.1! 300.0! mg/L! Cobalt+ 0.05! 200.8! µg/L!
Chloride+ 0.2! 300.0! mg/L! Iron+ 5.0! 200.8! µg/L!
Nitrate+(N)+ 0.03! SM!4500?NO3!I! mg/L! Lead+ 0.02! 200.8! µg/L!
Phosphorus+ 0.02! SM!4500?P!J! mg/L! Magnesium+ 0.01! 200.8! mg/L!
TDS+ 0.02! 160.1! mg/L! Manganese+ 0.07! 200.8! µg/L!
TSS+ 1! 160.2! mg/L! Nickel+ 0.15! 200.8! µg/L!
TKN+ 0.05! 4500?N?C! mg/L! Potassium+ 0.01! 200.8! mg/L!
TOC+ 0.2! SM!5310!C! mg/L! Selenium+ 0.2! 200.8! µg/L!
Turbidity+ 0.02! 180.1! NTU! SiO2+ 0.01! 200.8! mg/L!
Aluminum+ 20! 200.8! µg/L! Silver+ 0.02! 200.8! µg/L!
Antimony+ 1! 200.8! µg/L! Sodium+ 0.01! 200.8! mg/L!
Arsenic+ 0.2! 200.8! µg/L! Thallium+ 0.005! 200.8! µg/L!
Barium+ 0.4! 200.8! µg/L! Vanadium+ 0.3! 200.8! µg/L!































n1=!11! ! = (! − !! )!















































Min! Q1! Median! Q3! Max!
pH! 24! —! 3.12! 6.28! 5.465! 7.13! 7.91!
Ca!2+! 13! —! 0.504! 1.2! 3.1! 6.6! 12.7!
Cl?! 24! 4! 0.2! 2.1! 12! 28! 109!
Mg2+! 13! —! 0.37! 0.77! 1.14! 2.58! 12.1!
Na+! 13! —! 1.76! 2.24! 5.425! 43! 197!
HCO3?! 24! 4! 0.732! 10.98! 86.498! 158.6! 366!
SO42?! 24! —! 0.59! 3.345! 24.8! 61! 4760!
NO3?! 13! 8! 0.003! 0.003! 0.005! 0.236! 0.847!
TDS! 24!
!
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2+ 2+ 2+ 57
.5!























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Parameter) T) H0)Status) Parameter) T) µ) σ2) z)
pH! 29.5! Failed!to!Reject! pH! 146! 137.5! 297.8! 0.493!
Al! 43! Failed!to!Reject! Al! 167.5! 137.5! 295.3! 1.745!
Alkalinity! 35.5! Failed!to!Reject! Alkalinity! 189.5! 137.5! 297.8! 3.01!
Ba! 33! Failed!to!Reject! Ba! 180! 137.5! 297.9! 2.46!
Cl! 44! Failed!to!Reject! Cl! 171! 137.5! 297.9! 1.94!
Cu! 48! Failed!to!Reject! Co! 106! 137.5! 167.5! ?2.43!
Fe! 41! Failed!to!Reject! Cu! 100! 137.5! 297.8! ?2.17!
Mn! 46.5! Failed!to!Reject! Fe! 176! 137.5! 297.9! 2.23!
Ni! 46.5! Failed!to!Reject! Mn! 187! 137.5! 297.9! 2.87!
Pb! 41! Failed!to!Reject! Ni! 128.5! 137.5! 297.8! ?0.522!
SiO2! 47! Failed!to!Reject! Pb! 149.5! 137.5! 296.6! 0.697!
TDS! 46! Failed!to!Reject! SO4! 189.5! 137.5! 297.9! 3.01!
Turbidity! 52! Failed!to!Reject! TDS! 193! 137.5! 297.9! 3.22!
Zn! 53.5! Failed!to!Reject! Turbidity! 154! 137.5! 296.6! 0.958!
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Antimony! 6! 3+ Selenium! 50! NA!
Arsenic! 10! NA! Thallium! 5! 2+
Barium! 2000! NA! Aluminum! 50?200*! 2,+3!
Beryllium! 4! NA! Chloride! 250,000*! NA!




Chromium! 100! NA! Manganese! 50*! 10,!6!
Copper! 1300,!
1000*!
NA! pH! 6.5?8.5*! 5,!8!
Fluoride! 4000! NA! Sulfate! 250*!
mg/L!
4,!2!
Lead! 15! 3+ TDS! 500*!
mg/L!
4,!2!


























































The Bauxite, AR area is located on the western boundary of the Gulf Coastal 
Plain province and the eastern boundary of the Interior Highlands.  The rocks of the Gulf 
Coastal Plain include Tertiary rocks from the Midway Group, the Wilcox Group, and 
Quaternary alluvium also dipping southeast.!!The Midway and Wilcox Groups are 
underlain and adjacent to a Cretaceous intrusion of light-gray to blue Nepheline syenite 
that is source for the bauxite deposits in the area.!!Rocks of the Midway group are 
Paleocene marine sediments largely composed of dark-colored clays.!!The Wilcox Group 
is divided into the Berger, Saline, and Detonti Sand formations consisting of varicolored 
silty clays and sands.  Lignite deposits are also present in the Berger and Saline 
formations.  Where syenite intrusions intersect the Berger and Saline bauxite deposits 
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Appendix)2)
CD)Appendix)Summary!
!
• Raw!data!are!on!the!included!CD!in!the!folder!Raw!
• Initial!graphs!for!all!raw!data!are!on!the!included!CD!in!the!folder!Plots.!
• Minteq!speciation!input!files,!speciation!outputs,!and!pe!are!on!the!included!CD!in!
the!folder!Speciation!
• Minteq!saturation!outputs!are!on!the!included!CD!in!the!folder!Saturation!
!
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